ABSTRACT: The concrete shotcrete layer of the tunnel in the high-temperature field during construction exist in significant temperature difference environment caused by the one side of the shotcrete layer in contact with higher temperature rock, and the other side is in contact with the lower temperature air. Stress deterioration degree of concrete under the temperature difference condition comes out and it whether to produce local cracks in concrete is unknown clearly in engineering. According to the site concrete loading case conditions, the lab splitting tensile strength testing study of 4 types of concrete samples experiencing temperature differences is made. Through the results of the concrete test, a temperature difference influencing law of the concrete strength under temperature differences condition has been initially collected. And the results can provide a reference for similar projects.
INTRODUCTION
Concrete as a support for high temperature tunnel during construction is typically regarded as be in the temperature difference environment. Projects in the Buren mouth -kongur Hydropower Station located at the Gez River in Xinjiang of China, the surface temperature of the tunnel rock is above 25°C, the rock temperature of blasting drilling is up to 100°C. The inside of the tunnel spray layer enters into the low temperature air and the outside of the sprayed layer is at the high temperature in rock, and a larger temperature difference in concrete is formed. Accordingly, there is imperative to be able to estimate the mechanism of different types of concrete under temperature differences.
The tensile properties of the concrete structure are given in the splitting tensile test. The scholars both at home and abroad have diligently carried out the studies of mechanical properties of the concrete structure splitting tensile strength. Research on the impact of high temperature upon the mechanical properties of concrete has begun since the mid-20th century. N. J. Guo carried out a high temperature test on concrete specimens at room temperature to high temperature respectively, and the conclusions of the splitting tensile strength and sensitivity subject to temperature are obtained. In a paper by Harun T and Ahmet C, experiments for splitting tensile strength of concrete at high temperature were carried out and its statistical model was studied. It can be seen from the above analysis that the splitting tensile strength of concrete under some temperature difference has not been reported in the literatures. In this article, a further investigation of the mechanisms involved in the splitting tensile strength was performed.
EXPERIMENTAL SCHEMES

Testing specimen preparation
In order to make the high temperature difference environment clear, the specimen preparation was given in a unified standard. Portland cement (PO42.5R) known as Qinling brand produced in Shaan'xi province was adopted in this study. The indicators are in coincidence with the Chinese national standard of GB175-2007 . Sands is the medium-sized ones in the Xi'an Bahe River. The fineness modulus is µf=2.9. The graded aggregate with a nominal particle size of 10mm~40mm was used. The Polyester fibers, polypropylene fibers and polyacrylonitrile fibers produced in Shanghai Research platinum Industrial Co., Ltd were selected. The fiber performance parameters and fiber traits are provided in in Table 1 , respectively. Each case produces 4 concrete specimens. The mixture ratio of specimens is shown in Table 2 . The strength grade of concrete is C40.
Development of heating equipment
Traditional heating devices are uniformly heated. And the temperature difference conditions is difficult to be imposed on concrete specimens. In this paper, a system structure to be able to impose a temperature boundary to the specimens is rationally designed. The system structure of the equipment has been presented in Figure1. The main structure of the test apparatus consists of a compression refrigeration system, high temperature furnace, the specimen placed positioning table and other parts, of which, the coolant temperature of the compressor cooling system is controlled at low temperature and the thermocouple temperature can be controlled at high temperature.
Specimen manufacturing and testing method
In this experiment, concrete specimens are 100mm × 100mm × 100mm in size. There are four types of concrete specimen viz. Ordinary concrete, polyester fiber reinforced concrete, the polypropylene fiber reinforced concrete and polyacrylonitrile fiber concrete, with different fibers. One side of the specimen is set to 45°C, 60°C, 70°C, 80°C and 90°C, and the other side of the specimen is set to 25°C. So the temperature differences are 10°C, 17.5°C, 22.5°C, 27.5°C and 32.5°C. The testing concrete machine NYL-600 was used to get the splitting strength. Total of 160 specimens with different fibers such as polyester fibers, polypropylene fibers and polyacrylonitrile fibers were manufactured for 4 separate sessions. Test specimens were cured in the field being covered by curing blankets to prevent evaporation of moisture and to minimize the effect of temperature and humidity change. After 1 day, when specified strength was acquired, test specimens were demolded and marked with numbers to identify the session and type of the specimens. Thereafter, test specimens had been cured for another 3 days and 7 days at the site before it was finally moved to the laboratory to prevent the decrease of strength when being transferred.
RESULTS AND DISCUSSION
Splitting tensile strength of concrete with different temperatures
Due to the different types of concrete mixed with different fiber materials, the specimen shows a different nature. The experimental results suggest that the impact of temperature on the splitting tensile strength of different concrete is very obvious, respectively. And these observations are in good agreement with other reported studies.
Discussion
From Figure 2 , it can be observed that the splitting tensile strength of polypropylene fibers concrete and polyacrylonitrile fibers concrete is greater than ordinary concrete during each temperature difference, except polyester fibers concrete. At the temperature difference 27.5°C, the polypropylene fibers concrete strength is 1.58MPa which is larger by 33%, 34% and 9% than ordinary concrete, polyester fibers concrete and polyacrylonitrile fibers concrete. With temperature increasing, splitting tensile strength values show a decreasing tendency at 3 days of age. And the splitting tensile strength of concretes slows down with temperature difference increasing, respectively. With the increase of temperature difference, the splitting tensile strength of different types of concrete decreases uniformly, and the maximum value nearly appears at 25°C.The results indicate the trend that the splitting tensile strength of concrete decreases. This suggests that the impact of temperature difference on the splitting tensile strength of shotcrete concrete is very obvious at 3 days of age. At the temperature difference 32.5°C, the average strength loss of ordinary concrete, polyester fibers concrete, polypropylene fibers concrete and polyacrylonitrile fibers concrete are 33% and 30%, 24% and 29%, respectively. It can be seen that the temperature difference has the least influence on the splitting tensile strength of polypropylene fibers concrete.
From Figure 3 , it can be seen that the splitting tensile strength of concretes decrease with the rise of temperature at 7 days of age. It shows that the splitting tensile strength of polypropylene fibers concrete is greater than ordinary concrete when the temperature difference is below 22.5°C.Above 22.5°C, the reduction velocity of splitting tensile strength of ordinary concrete, polyester fibers concrete, polypropylene fibers concrete and polyacrylonitrile fibers concrete are 10%, 5%, 9.6%, and 6%. Except ordinary concrete, the biggest reduction velocity of strength is the polypropylene fibers concrete. Compared with room temperature, the splitting tensile strength of ordinary concrete, polyester fibers concrete, polypropylene fibers concrete and polyacrylonitrile fibers concrete at 90°C drops 27%, 26%, 35% and 33%, respectively. But the maximum splitting tensile strength of concrete is polyacrylonitrile fibers concrete at the temperature difference 32. Notes: OC is ordinary concrete, FC is polyester fibers concrete, polypropylene fibers concrete and polyacrylonitrile fibers concrete.
Tables
SUMMARY
Based on the results of this experimental study, the following conclusions are obtained:
1. A severe splitting tensile strength loss is observed for all four concretes after temperature difference. The polyeacrylonitrile fibers concrete shows a better strength properties in considerable temperature differences.
2. Splitting tensile strength with temperature difference is the result of microscopic stress and concrete affected by the stretching process. The bigger the temperature difference, the lower the strength of the concrete.
